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INTRODUCTION 


The comprehensive bibliography of the 
research in tissue culture of Murray and 
Kopech (1953) impresses one with the rela¬ 
tively few studies on cold-blooded animals, 
despite the fact that pioneer work in tissue 
culture was done with frogs. Especially scarce 
are investigations that utilize teleost tissue, 
particularly of the adult. Since 1953, there 
have been several in-vitro studies on nor¬ 
mal adult teleost tissues (Wolf and Dun¬ 
bar, 1957; Wolf, Quimby, Pyle, and Dexter, 
1960; Hu and Chavin, 1960; Kim, Tchen, and 
Hu, 1961) as well as malignant teleost tissue 
(Greenberg, Kopac, and Gordon, 1956; 
Greenberg and Kopac, 1961). 

In the laboratories of the Department of 
Ichthyology at the American Museum of 
Natural History, extensive studies were initi¬ 
ated on all aspects of the biology of Astyanax 
mexicanus and the derived Mexican cave 
fishes of the genus Anoptichthys. In the course 
of this work, two spontaneous lymphosar¬ 
comas, reputedly of thymic origin, appeared 
in laboratory-reared Astyanax. These tumors 
focused our attention on normal and ab¬ 
normal aspects of the thymus and led to 
several studies on the problem of growth in 
general (Rasquin, 1951; Rasquin and Atz, 


1952; Hafter, 1952; Rasquin and Rosen- 
bloom, 1954). The work reported here repre¬ 
sents the final paper in this series of studies on 
the lymphoid and endocrine tissues of these 
fishes. 
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MATERIALS AND METHODS 


NORMAL THYMUS 
The thymus glands of approximately 200 
specimens of Astyanax mexicanus (Fillipi) 
were cultured for this study. The standard 
lengths of the fish used ranged from 16 mm. 
to 46 mm., with a mean value of 28.5 + 6.08. 
Owing to the fact that the thymus in this spe¬ 
cies starts involuting at an early age (Hafter, 
1952), fish selected for use were in the range of 
two to nine months. Early experiments indi¬ 
cated that the thymuses most satisfactory for 
culturing were those of two- to three-month- 
old fish, with a standard length of approxi¬ 
mately 25 mm. At this time, the gland is 
large, resilient, and readily accessible for ex¬ 
tirpation. For each culturing period, fish of 
approximately the same age and size were se¬ 
lected. 

Standard sterility procedures were ob¬ 
served. In addition, because of the immediate 
subdermal location of the thymus gland, 
which is not easily separated from its skin 
covering, extreme precautionary measures for 
asepsis of the tissue were necessary. The fish 
was first anesthetized in 1 per cent urethane, 
then placed in a 0.01 per cent solution of 
sodium-merthiolate for five minutes. The 
gland was removed under the dissecting mi¬ 
croscope with the aid of watchmaker forceps 
and was placed in sterile Holtfreter's solution 
containing penicillin G (100 units/cc.) and 
streptomycin (0.01 mg./cc.) for at least 15 
minutes before being cultured. The anti¬ 
biotics were also included directly in the cul¬ 
ture media in the same concentrations. There 
was consequently no bacterial growth in any 
of the cultures. It was later found that, with 
the use of ultraviolet irradiation to sterilize 
the culture room, the streptomycin could be 
eliminated; the penicillin concentration, how¬ 
ever, was increased to 1000 units per cubic 
centimeter. 

The medium consisted of Holtfreter's solu¬ 
tion, chick embryo extract, chicken plasma, 
and carp serum. In some experiments, human 
ascites fluid, obtained from ovarian malig¬ 
nancies, was substituted for the serum. 

The Maximow double cover-slip method of 
culturing was employed, and a total of 505 
thymus cultures were made. Pieces of tissue 


approximately 1 cubic mm. in size were used 
to start the cultures. 

For most of the routine morphological 
studies, a solid medium was used. The frag¬ 
ment was embedded in two drops of a mixture 
of plasma (one part), embryo extract (one 
part), and carp serum (two parts). For the 
histochemical studies, in which a staining of 
the clot often obscured the reaction in the 
cells, a liquid culture medium was found to be 
more useful. To afford some anchorage for the 
cells and to delimit the area over which they 
might proliferate, the cover slips were first 
plasma-coated, with a small amount of the 
following mixture: plasma (one part), embryo 
extract (one part), and Holtfreter's solution 
(three parts). After the clot had formed, the 
fragment and fluid nutrient medium were 
added. The fluid medium consisted of em¬ 
bryo extract (one part), Holtfreter's solution 
(two parts), and carp serum (two parts). 

Trypan blue, at a concentration of 
1:100,000, as suggested by Muhlethaler 
(1952), was included in the culture medium of 
several cultures in order to help establish the 
phagocytic nature of some of the cells. 

Cultures made during the cool months were 
stored at room temperatures, while those 
made during the warmer months were kept 
on a water table where an average tempera¬ 
ture of 25° C. was maintained. 

Observations of the cultures were made 
daily to study the extent and nature of 
growth. Representative cultures were fixed in 
Bouin's fluid one, two, three, four, five, seven, 
and 14 days after explantation and routinely 
stained with Harris' haematoxylin and eosin 
for further study. To help clarify the struc¬ 
ture of the thymocytes, additional cultures 
were fixed and stained with Mayer's hae- 
malum, Wright's stain, and the Dominici 
stain. Measurements of thymocyte nuclear 
diameters were made with the aid of a stage 
micrometer on 100 cells in representative 
haematoxylin and eosin-stained cultures, and 
the mean was determined. 

A series of histochemical determinations 
was made in order to obtain additional infor¬ 
mation about the cells in general, and in par¬ 
ticular to help elucidate the nature of epithe- 
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lial inclusions. This series was divided into 
three groups: nucleoproteins, carbohydrates, 
and lipids. In the first group, the presence of 
nucleic acids was demonstrated with methyl 
green-pyronin, with and without ribonuclease 
digestion (Taft, 1951; Pearse, 1960). 

In the second group, a variety of techniques 
was used to distinguish between glycogen and 
mucopolysaccharides. These included Best's 
carmine (Pearse, 1960), the Bauer-Feulgen 
method (Bensley, 1939; Deane, Nesbett, and 
Hastings, 1946), and the McManus' Periodic 
Acid-Schiff technique (Purves and Gries- 
bach, 1951). Control preparations were made 
after exposure to saliva. In addition, Mayer's 
mucicarmine (Cowdry, 1952) and Alcian blue 
(Steedman, 1950) were also used to demon¬ 
strate further the presence of mucin. 

Total lipids were demonstrated with Sudan 
Black B (Lillie, 1948), while Sudan IV (Lillie, 
1944) was used to demonstrate neutral fats. 
Baker's Acid Hematein method (Baker, 1946) 
was employed for the staining of phospho¬ 
lipids; the controls were similarly treated 
after previous extraction with pyridine. 

To determine whether the adrenal hor¬ 
mones affect lymphoid tissue directly at the 
cellular level or whether these effects are de¬ 
pendent upon intact glandular interrelation¬ 
ships, cultures of normal thymus tissue were 
treated in vitro with cortisone acetate (Merck 
and Co.) and whole mammalian adrenal corti¬ 
cal extract (Wilson Laboratories). In order to 
study the continuous effects of the hormones, 
they were incorporated directly in the culture 
medium. Cortisone suspensions were made 
with Holtfreter's solution, and the concentra¬ 
tions per culture were 1.6 /zg., 0.08 /zg., 
0.008 /zg., and 0.0008 /zg. An equivalent 
amount of Holtfreter's solution, as used with 
cortisone, was included in the medium of the 
controls. Representative cultures were fixed 
in Bouin's fixative five, 10, 24, 48, 72, and 120 
hours after explantation, and stained with 
Harris' haematoxylin and eosin. 

Similar cultures were set up that incorpo¬ 
rated whole adrenocortical extract in the 
medium in concentrations of 20.0 per cent, 
10.0 per cent, 2.0 per cent, and 0.2 per cent 
per culture. The saline content of the concen¬ 
trated extract (derived from 75 mg. of fresh 
adrenal tissue suspended in 0.85 per cent so¬ 
dium chloride) was adjusted to 0.6 per cent to 


be physiologically isotonic for fresh-water 
fish. Controls were made with 0.6 per cent 
saline. Representative cultures were fixed and 
stained 24, 48, 72, and 168 hours after explan¬ 
tation. 

To determine the recuperative capacity of 
lymphoid tissue subjected to the temporary 
effects of cortisone, a second series of cultures 
was made in which the intact thymuses were 
first incubated in 0.5 cc. of Holtfreter's solu¬ 
tion, containing 5.0 /zg. cortisone, for one, one 
and a half, or three hours. Controls were incu¬ 
bated in a similar quantity of Holtfreter's 
solution for the same periods of time. Cultures 
were then made, using the routine medium, 
and were sacrificed approximately at one, 
five, or 24 hours after explantation. 

Owing to the erratic nature of thymocyte 
migration from the thymus grown in tissue 
culture, a comparison of the percentages of 
normal cells and those with pycnotic nuclei 
could not be considered a valid criterion of 
the effect of the adrenocortical hormone. 
Sometimes one region of migration was com¬ 
posed exclusively of healthy thymocytes, 
while immediately adjoining was a zone of 
disintegrating cells. Since tissue sections of 
the thymus gland do not reveal such erratic 
distribution of normal and pycnotic cells, 
whole thymuses were incubated for 24 hours 
in 1-cc. quantities of Holtfreter's solution 
containing, respectively, 0.1 /zg., 1.0 /zg., 10.0 
/zg., and 200.0 /zg. of cortisone. Holtfreter's 
solution without the hormone served as a 
control. The glands were fixed in Bouin's fixa¬ 
tive, and sections were cut at 7 /z and stained 
with Harris' haematoxylin and eosin. Ap¬ 
proximately 2000 cells each were counted 
from the peripheral and central regions of the 
thymuses, and the percentage of cells with 
normal or pycnotic nuclei was determined. 

LYMPHOSARCOMA 

During the course of work at our laboratory 
at the American Museum of Natural History, 
two spontaneous lymphosarcomas, reputedly 
of thymic origin, were noted. The first 
(Tumor A), occurred in a six-year-old male 
hybrid, a cross between Astyanax mexicanus 
(Filippi) and a blind cave derivative, A noptich- 
thys jordani (Hubbs and Innes). The second 
tumor (Tumor B) appeared several months 
later in a 15-month-old male Astyanax . In 
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both instances biopsies were taken from the 
tumor mass protruding from the left bran¬ 
chial cavity and were used for routine histo¬ 
logical study as well as for tissue cultures. 
The first lymphosarcomatous fish was subse¬ 
quently treated with ACTH in an attempt to 
inhibit the tumor growth (Rasquin and Haf- 
ter, 1951). Transplants were made from addi¬ 
tional biopsy material of the second lympho- 


first tumor and 24 from the second tumor. 
Representative cultures were subjected to 
cortisone, 1 compound A, whole adrenocortical 
extract, and adrenocorticotropic hormone in 
order to determine whether or not the lym¬ 
phocytes were affected directly at the cellular 
level. The dosages used are given in table 1. 
The substances to be tested were either in¬ 
corporated in the medium, so that the cul- 


TABLE 1 


Experimental Procedures for the Treatment of Cultures of Tumor Biopsy Material 


Substance Used 

Tumor 

No. 


Actual Concentration 

In Wash In Medium 

Experi mentals 





Cortisone 

1 

(3)° 

5.0 /zg. in 10 cc. Holtfreter’s solution 

— 


2 

(2) 

5.0 jug. in 10 cc. Holtfreter’s solution 

(3) 0.02 jug./culture 

Compound A 

1 

(3) 

5.0 jug. in 10 cc. Holtfreter’s solution 

(1) 0.1 /zg./culture 


2 

(2) 

5.0 jug. in 10 cc. Holtfreter’s solution 

(2) 0.02 jug./culture 

Whole ACE 

1 

(2) 

1:1000 dilution of stock 

(2) About 1:2000/culture 


2 

(2) 

1:1000 dilution of stock 

(2) About 1:9000/culture 

ACTH 

1 

(2) 

20 fig. in 10 cc. Holtfreter’s solution 

(1) 0.04 jug./culture 



(2) 

100 /zg. in 10 cc. Holtfreter’s solution 

(3) 0.008 jxg./culture 



(2) 

200 jug. in 10 cc. Holtfreter’s solution 

— 

Controls 





Untreated 

(4)1 





(2)2 




Holtfreter’s solution 

1 

(3) 




2 

(1) 



Distilled water 

2 



(3) 


° Figures in parentheses refer to the number of cultures made. 


sarcoma into both light- and dark-reared 
Astyanax , in connection with a study on endo¬ 
crine imbalance and tissue hyperplasia (Ras¬ 
quin and Rosenbloom, 1954). It was hoped 
that the transplantations would furnish an 
additional supply of tumorous tissue for fur¬ 
ther investigations in vitro . None of the trans¬ 
planted tumor fragments, however, became 
established in the hosts. 

The biopsy material was cultured, with the 
use of the standard double cover-slip method 
of Maximow. The basic medium consisted of 
chicken plasma, chick embryo extract (con¬ 
taining penicillin and streptomycin), and 
carp serum in the proportion of 1:2:1. 
Twenty-eight cultures were made from the 


tures were under their continuous influence 
from the time of explantation, or they were 
contained in a wash so that the cultures were 
subjected only temporarily to their effects. In 
the latter group, 48-hour cultures were 
opened, subjected to the wash, and then were 
resealed and allowed to continue to grow. All 
cultures were sacrificed on the second, third, 
or fourth day. They were fixed in 10 per cent 
formalin and were stained with Harris , hae- 
matoxylin and eosin. 

1 The cortisone and compound A were generously sup¬ 
plied by Dr. M. J. Kopac of New York University. The 
whole adrenocortical extract was donated by Wilson 
and Company, the ACTH, by Armour and Company. 




OBSERVATIONS 


NORMAL THYMUS 
The normal thymus of Astyanax has been 
described by Hafter (1952) as a “paired, 
opaque, white, bean-shaped structure” situ¬ 
ated immediately under the operculum. It lies 
in the superior corner of the branchial cavity 
in the angle formed by the operculum and the 
dorsal body musculature, and is attached to 
the branchial epithelium (pi. 39, fig. 1). 

The thymus is surrounded by a connective 
tissue capsule and it is composed histologi¬ 
cally of two major elements: a parenchyma 
made up primarily of lymphoid cells, and an 
epithelial reticulum. Owing to the extensive 
vascularization of the gland (pi. 39, fig. 2), 
occasional free red blood cells are also present. 
In addition, eosinophilic wandering cells, 
macrophages, and melanophores have been 
observed. These cell types are also recogniz¬ 
able in vitro. The morphological description 
that follows is based on living as well as fixed 
and stained cultures. 

Growth Patterns and Cell Types 
in Tissue Culture 

Thymocytes and Thymoblasts: The first 
cells to migrate within two hours after cul¬ 
tures of the thymus were made were the small 
thymocytes. The free cells seen throughout 
the field immediately after explantation were 
not the result of migration, but rather of 
mechanical manipulation of the fragment at 
the time the cultures were made. 

Several types of migrations were observed, 
the most common of which is referred to as 
“halo-like” (Pappenheimer, 1913; Pfeiffer, 
1935). Eventually, as the migration became 
more extensive, the halo effect (pi. 39, fig. 3), 
produced by the rapid concentration of cells 
in a small area, disappeared, and the thy¬ 
mocytes became more evenly dispersed. 

Another frequent occurrence was that seen 
in figure 4 of plate 39 in which a smaller num¬ 
ber of cells wandered out. Here the advancing 
edge of cells was quite regular, so that the 
over-all appearance was of a thin membrane. 
Actually no structural barrier was noted, and 
the entire migrating zone was occupied ex¬ 
clusively, but sparsely, by thymocytes. On 
several occasions, no additional migration or 
cellular proliferation occurred. 


Occasionally, capillary-like formations 
were seen, similar to those described by 
Hueper and Russell (1932) for chicken leuco¬ 
cyte cultures. Figure 5 of plate 39 shows a 
three-day culture in which such a configura¬ 
tion occurred. These “tubes” began as projec¬ 
tions or buds from the explant, which were 
filled with thymocytes. Although the tubes 
appeared to be clearly demarcated from the 
surrounding plasma by a hyaline-like mem¬ 
brane, no nuclei were ever detected. 

In general, the thymocytes were of two 
types: the small, round, refractile cell, and 
the small, ameboid or “tailed,” actively wan¬ 
dering cell. Both types usually occurred in the 
same culture; they were either interspersed 
or, frequently, were in segregated groups of 
similar cells. The tailed cells were often ar¬ 
ranged as small rosettes, or acini, their blunt 
ends directed toward the center and their tails 
distad. 

The small, round, darkly staining thymo¬ 
cytes (pi. 40, fig. 1) appeared morphologically 
identical with lymphocytes and in general 
conform to descriptions of lymphocytes in 
carp blood by Dombrowski (1953). The cell 
was composed almost entirely of a large 
spherical nucleus in which the chromatin ma¬ 
terial appeared as small, darkly stained 
clumps, and a nucleolus was not visible. The 
nuclear membrane was comparatively thick 
and very chromophilic. In routine haematoxy- 
lin and eosin preparations, no cytoplasm 
was detected, and the nucleus seemed naked. 
However, with Mayer’s haemalum, Wright’s 
stain, and the Dominici stain, the cytoplasm 
was readily discernible as a very thin, light- 
staining rim about the nucleus. The cells 
varied in size, ranging in diameter from 2.40 p 
to 3.84 /x, with a mean value of 2.98 + 0.26. 
This mean was arrived at by the combining of 
the values of thymocyte diameters from 
several cultures. Statistically, such a proce¬ 
dure was sound, as the individual means were 
not significantly different. The data can be 
found in table 2. Mitotic figures in general 
were rare, but occasional cells in metaphase 
were observed. 

In the active wandering stage, the basic 
thymocyte characteristics were retained (pi. 
40, fig. 2). The shape of the cell, however, has 
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TABLE 2 


Comparison of the Diameters of Thymocyte and Lymphocyte Nuclei in Normal and 
Malignant Tissue for Statistical Significance 

Tissue and Culture No. 

Mean Nuclear 
Diameter in 
Microns 

Standard 

Deviation 

Standard 

Error 

Significance® 

Normal thymus (N-21) 

2.94 

0.19 

0.02 

2.1 

Normal thymus (119b) 

3.02 

0.31 

0.03 

1.6 

Thymus with compound E (78a) 

2.95 

0.31 

0.03 

0.8 

Normal thymuses (N-21 + 119b) 

2.98 

0.26 

0.02 


Tumor B (G-22) 

3.83 

0.87 

0.09 

0.3 

Tumor B (G-5) 

3.80 

0.29 

0.03 

0.9 

Tumor B with compound E (G-16) 

3.76 

0.32 

0.03 


Normal thymus (119b) 

3.02 

0.31 

0.03 

18.5 

Tumor B (G-5) 

3.80 

0.29 

0.03 



a Calculated by the method employed by Rasquin and Rosenbloom (1954). 


changed by virtue of the migratory activity. stantiated by the fact that in methyl-green- 
Owing to the small size of these thymocytes, pyronin-stained cultures, only the cytoplasm 

it was not possible, with the ordinary light- took up the pyronin, while the nucleus was 

field microscope, to study their movement in stained by the methyl green to a greater or 

detail in the living cultures. In the stained lesser extent, depending upon chromatin con- 

specimens, however, under higher magnifica- centration, which does not necessarily indi- 
tion, cytoplasmic processes indicative of cate the absence of a nucleolus. Possibly the 

ameboid movement were seen. The increased nucleolus, which ordinarily would be stained 

amount of pale-staining cytoplasm, in com- rose-pink by pyronin, is masked by the dense 

parison to that found in the round thymocyte, chromatin material. At no time were any di¬ 
may still be considered scant, and the nucleus viding or degenerating forms seen. All stages 

to cytoplasm ratio is still very high. The nu- between the round and the actively wander- 

cleus was extended in length and often ing forms were seen. With increasing age, 

showed striking longitudinal striae, similar to however, the latter disappeared, 

those observed by Wassen (1915) in the frog Scattered among the thymocytes were the 
thymus. It was usually pear-shaped and fre- larger, lighter-staining thymoblasts (pi. 40, 

quently unevenly forked at the tapered end, a fig. 3). These cells were much fewer in number 

phenomenon quite characteristic of these cells and differed considerably from the thymo- 

in our cultures. Often the tapered end was cytes. They were round, oval, or occasionally 

finely attenuated, and it is this cell that is re- pear-shaped. While the nucleus was larger, 

ferred to by Pfeiffer (1935) as the “tailed” the chromatin particles were smaller and 

thymocyte, and by De Bruyn (1944) as the more widely dispersed, and a large central 

“hand-mirror” type. In some of the cells, the nucleolus, stained rose-pink by pyronin, was 

chromatin material, as stained by haematoxy- seen. The nuclear membrane was not so heavy 

lin, was more concentrated in the center of the nor so chromophilic as that of the thymocyte, 

nucleus, giving the appearance of a nucleolus. Dark-staining, rather basophilic cytoplasm 

That this is not nucleolar material was sub- was present in greater quantity, although the 
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nucleus still occupied a major part of the cell. 
Mitotic figures were more numerous than in 
the thymocytes. 

At no time were any of the cultures devoid 
of degenerating thymocytes. From the time 
that the cultures were made, all stages of dis¬ 
integration were observed, ranging from 
pycnosis to fragmentation (pi. 40, figs. 4, 5). 
Many of the shrunken pycnotic nuclei and 
fragments thereof were phagocytized by the 
macrophages. It is interesting to note the per¬ 
sistence of some normal round thymocytes 
even in cultures as old as 14 days, although, 
in general, these cells have a very short life 
in vitro . Several cultures indicated a second¬ 
ary migration of wandering ameboid thymo¬ 
cytes as well as thymoblasts after approxi¬ 
mately 10 days in vitro , a condition also ob¬ 
served by Wassen (1915) in the frog thymus. 

Red Blood Cells: Those cultures that 
were made from a heavily vascularized frag¬ 
ment also showed numerous erythrocytes 
along with the initial migration of thymo¬ 
cytes. These cells, typically oval, with a cen¬ 
trally located, chromatin-rich oval nucleus, 
disappeared from the cultures within a few 
days, and considerable debris was observed in 
the medium. 

Eosinophilic Wandering Cells : As early 
as 27 hours after explantation, cells larger 
than thymocytes were occasionally seen in 
some cultures, wandering about quite rapidly 
in ameboid fashion (pi. 41, fig. 1). These were 
usually observed in cultures containing some 
sheets of epithelium, crawling about, either on 
or between the epithelial cells, or freely 
among thymocytes that were not trapped 
within the sheet. The frequency with which 
these wandering cells occurred increased with 
the age of the culture, but at no time were 
more than a dozen cells observed in any one 
culture. The cells appeared to move with the 
nucleus always in the trailing portion of the 
cell. Such movement was readily observed in 
those cells containing highly refractile cyto¬ 
plasmic granules which facilitated distinction 
between cytoplasm and nucleus. When 
stained with haematoxylin and eosin, the 
granules were brilliantly eosinophilic and of 
uniform size. The eccentric nucleus was 
usually oval, often twice as long as it was 
wide, although occasionally in a more sta¬ 
tionary cell it was spherical. In general, there 


is a strong similarity between this wandering¬ 
cell nucleus and a typical thymocyte nucleus. 
Both are approximately the same size, al¬ 
though the nucleus of the eosinophile was 
frequently lighter-staining with haematoxy¬ 
lin. The nucleus was often hyperchromatic, 
and the chromatin appeared as dark-staining 
clumps. In some cells, the resemblance to 
thymocytes was still greater in that the nu¬ 
cleus was forked at the distal end, a phenome¬ 
non quite common in the nucleus of the wan¬ 
dering thymocyte. It is quite probable, then, 
that thymocytes of different sizes were trans¬ 
formed into these eosinophilic wandering 
cells. Transformation cells of all stages have 
been observed, some bearing a close resem¬ 
blance to the parent thymocyte (pi. 41, fig. 2). 
Similar transformation cells in vitro have been 
reported by Bloom (1937), using the rabbit 
thoracic duct, and Murray (1947), using the 
rabbit thymus. 

Occasionally some ameboid cells were seen 
that were not granular, but that resembled 
the eosinophilic wandering cells in all other re¬ 
spects (pi. 41, fig. 3). Because of the homo¬ 
geneity of the protoplasm, the nucleus could 
not be distinguished in the living cultures. 
The clear, homogeneous nature of the cells is 
somewhat obscured by other cells above or 
below, but just out of focus. 

Macrophages: Macrophages were first 
observed in the cultures at about the same 
time as were the thymocytes, within the first 
24 hours after explantation. They were es¬ 
pecially recognizable in those living cultures 
in which some of the pigmented integument 
had been included with the original thymus 
fragment. Under those circumstances, the 
macrophages were frequently large, rounded, 
and heavily laden with phagocytized melanin 
granules from the broken-down melanophores 
(pi. 41, fig. 4). In general, the size and shape 
of the macrophage were highly variable, de¬ 
pending upon the quantity of ingested ma¬ 
terial and the migratory state of the cell. In 
an active wandering condition, the cell body 
was elongated, with numerous irregular, pro¬ 
toplasmic processes. The cell moved ameboid 
fashion in and about the reticulum (pi. 41, 
fig. 5). With an increased amount of ingested 
material, however, the pseudopods were with¬ 
drawn, and the cell was more rounded. The 
nucleus, when visible, was often quite large, 
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oval, and pale-staining with haemotoxylin, 
with a somewhat darker nucleolus. It was 
frequently flattened against the cell mem¬ 
brane by the numerous cytoplasmic inclu¬ 
sions. Most often, in the heavily laden cell, 
the nucleus was obscured by the phagocytized 
material which included, in addition to pig¬ 
ment granules, pycnotic and fragmented 
thymocyte nuclei, shreds of cytoplasm, red 
blood cells, bits of plasma clot, and other 
debris. The number of macrophages increased 
with the age of the cultures. In those cultures 
in which trypan blue (1:100,000) had been in¬ 
cluded in the media, several rounded cells 
were seen laden with the blue dye within 24 
hours (pi. 41, fig. 6). 

Melanophores: Frequently, when the 
thymus was extirpated, some of the pig¬ 
mented integument was carried along. Usu¬ 
ally the melanophores remained within the 
explant in an expanded state, but in some 
cases pigment-laden processes were seen ex¬ 
tending into the zone of proliferation. Fre¬ 
quently the processes were lost, and the me¬ 
lanophores appeared as black clumps (pi. 41, 
fig. 7). In general, disintegration of these cells 
occurred within a few days, so that loose pig¬ 
ment granules were seen scattered throughout 
the cultures. Many granules were eventually 
phagocytized by macrophages. 

The pigment cells in these cultures are 
similar to those originally described by 
Grand, Gordon, and Cameron (1941) and by 
Greenberg, Kopac, and Gordon (1956) for fish 
melanotic tumors in tissue culture. 

Epithelial Reticulum : Epithelial reticu¬ 
lar elements appeared in the majority of cul¬ 
tures between 36 and 48 hours after explanta¬ 
tion. However, in some cultures, epithelium 
was seen within the first 24 hours. The early 
growth was usually a single layer of flat cells 
adherent to the cover slip. Figure 1 of plate 42 
shows the beginning of epithelial proliferation 
as a small continuous sheet in a 48-hour cul¬ 
ture. In the living state, the cells appeared to 
have a clear, round to oval nucleus, sur¬ 
rounded by a large quantity of cytoplasm, of¬ 
ten containing refractile granules similar to 
those observed by Tschassownikow (1927) 
and Murray (1947) in cultures of rabbit thy¬ 
mus, and by Wassen (1915) in cultures of frog 
thymus. With age, the number of granules in¬ 


creased. In addition to growing directly on 
the cover slip, the epithelium was frequently 
seen proliferating on the surface of the plasma 
clot, and occasionally within the deeper layers 
of the clot, so that in some cultures, several 
layers of cells were observed. 

The epithelium grew in a variety of forms, 
the most common of which was the typical, 
single-layered, tight, compact sheet of poly¬ 
gonal cells. Figure 2 of plate 42 shows such 
proliferation in a 72-hour culture. With higher 
magnification (pi. 42, fig. 3) the syncytial ar¬ 
rangement of the cells can be seen; in general, 
cell borders were not distinguishable. In some 
cultures, there was a separation of the cells so 
that individual cell boundaries were visible. 
The growing edge of the sheet was usually 
smooth and regular, although frequently the 
peripheral cells were more loosely arranged, 
and irregular processes were observed. Some 
cells broke away from the sheet and remained 
as individuals or anastomosed with one 
another, a situation described by Levi (1934) 
as typical of most epithelial growth in vitro. 
These “stragglers” were usually more spindle¬ 
like and possessed several irregular cytoplas¬ 
mic processes (pi. 42, fig. 4), which made it 
difficult to determine whether these cells were 
epithelium or connective tissue. Fischer 
(1922) described similar fibroblast-like cells at 
the periphery of well-grown epithelial cul¬ 
tures. 

Many liquefied areas, probably the result of 
a proteolytic effect of the epithelium on the 
fibrin clot, were observed, so that occasion¬ 
ally the sheet of cells appeared to be full of 
holes. Frequently, the liquefaction of the clot 
caused a mechanical displacement of the cells 
which had been growing over that area. There 
was a retraction of the entire sheet, and the 
cells were stretched so taut that they some¬ 
what resembled the connective tissue spindle 
cells. Liquefaction of the medium appears to 
be quite diagnostic in cultures of lymph nodes 
involved in Hodgkin's disease (Grand, 1949; 
Rottino and Hollender, 1949a). 

In some cultures, the epithelium prolifer¬ 
ated as strands or cords of cells anastomosing 
with other strands or cords (pi. 43, figs. 1-3). 
The cells comprising the strands were usually 
aligned parallel to one another, actually in 
contact along the entire length of the cell. At 
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times, there were so many anastomosing cords 
that the over-all effect was that of a lace-like 
sheet. 

In several cultures, the epithelium grew as 
a tongue of syncytial cells with a smooth 
margin. Thymocytes were frequently clus¬ 
tered about the periphery of the tongue (pi. 
43, figs. 4, 5). 

Frequently, epithelial “islands” were 
formed (pi. 44, fig. 1). These were the result 
of a condensation of cells in a restricted area, 
detached from the original explant. Some may 
have been formed by repeated divisions of an 
individual cell; others may have parted as a 
cluster from the intact sheet, probably be¬ 
cause of liquefaction of the medium. The is¬ 
lands varied in size and were usually irregular 
in outline. Occasional peripheral cells had 
long fine processes which anastomosed with 
similar processes of other cells. 

Of interest are the so-called “pearl” forma¬ 
tions seen in several older cultures (pi. 44, 
figs. 2, 3). In the midst of a sheet of epithel¬ 
ium, a group of flattened cells was observed 
arranged in concentric rings, vaguely reminis¬ 
cent of the Hassall’s bodies in higher verte¬ 
brates. Only occasionally was debris seen at 
the core. In one case, a single dividing cell was 
noted. 

Also characteristic of the epithelium, es¬ 
pecially in one-week-old cultures, are cystic 
spaces within the sheet. These appeared as 
small holes, either individually or in groups 
(pi. 44, figs. 4, 5), with flattened nuclei at the 
periphery of the cells. Coalescence of some of 
the smaller spaces to form larger ones was oc¬ 
casionally seen. 

One to several of the above forms of 
epithelium were usually seen per culture, ex¬ 
cept in some of the thymus cultures from very 
young fish in which no reticular cells were 
evident. In general, the epithelial prolifera¬ 
tion was rapid and extensive, so that, within 
48 to 72 hours, the zone of outgrowth in some 
cultures was as much as five times the dia¬ 
meter of the original thymus fragment. 
Mitotic figures were not seen in all the ac¬ 
tively proliferating cultures. When present, 
however, they were abundant, and all stages 
of mitosis were clearly defined in the stained 
specimens. Normal and degenerating thymo¬ 
cytes, in addition to other migrating cells, 


were seen scattered throughout the entire 
epithelial sheet. 

In haematoxylin and eosin-stained cul¬ 
tures, the large quantity of eosinophilic cyto¬ 
plasm of these epithelial cells appeared to be 
pale and finely granular. Eosinophilic inclu¬ 
sions, as well as vacuoles, were frequently ob¬ 
served, which gave a frothy appearance to 
some of the cells. Some cells were phagocytic, 
and entire and fragmented nuclei, presumably 
from thymocytes, were seen in the cytoplasm. 
Trowell (1949b) reported similar intracellular 
thymocytes in the reticular cells in hanging- 
drop cultures of rat thymus. The vesicular 
nucleus was usually round to oval, with little 
chromatin. In addition, a variety of bizarre¬ 
shaped nuclei was also observed side by side 
with seemingly normal nuclei. Some intra¬ 
nuclear vacuoles were noted. The nucleolar 
pattern was quite variable, as to both number 
and shape. Even in binucleate cells, the 
patterns were not always the same for both 
nuclei. While the majority of the nuclei were 
of approximately the same dimensions (diam¬ 
eter, 14.0 n), all sizes ranging from 7.2/x to 
39.6 ijl were seen. When the nucleus is oval, 
these values refer to the longer diameter.This 
polymorphous condition of the epithelial cells 
was also observed in roller-tube cultures of 
rabbit thymus described by Mendelsohn 
(1954). Figure 1 of plate 45 shows both 
typical and irregularly shaped nuclei side by 
side. In plate 45, figure 2, the extreme varia¬ 
tion in nuclear size is especially evident. 
Again, an irregularly shaped nucleus can be 
seen close to a seemingly normal nucleus, 
which is in anaphase. These bizarre nuclei as¬ 
sumed a variety of shapes. Some were lobu- 
lated (pi. 45, fig. 3); others had one to several 
buds. Occasionally, the nucleus appeared to 
be made up of a string of basophilic frag¬ 
ments, not always of the same size and fre¬ 
quently connected to one another. Most of 
these fragments contained nucleoli. It is quite 
probable that many such irregularities were 
the result of amitotic divisions as seen in 
plate 45, figure 4. While these occurrences 
were more frequent in older cultures, some 
bizarre nuclei were seen wherever epithelial 
sheets had proliferated. 

Binucleated epithelial cells were fairly com¬ 
mon in the thymus cultures and may have oc- 
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curred even more frequently than is apparent. 
However, owing to the syncytial nature of the 
epithelial cells and the indistinguishable cell 
borders, it was often difficult to determine 
whether or not two particular nuclei belonged 
to the same cell. Consequently, only those 
cells in which the nuclei abutted were con¬ 
sidered as true binucleate cells (pi. 46, fig. 1). 
In general, both nuclei were typically epithe¬ 
lial and identical in size and nucleolar config¬ 
uration, although dissimilar ones were seen in 
which the nucleolar number differed. Because 
nuclear size is variable in epithelial cells in 
general, one cannot state with certainty that 
the combined nuclei were equivalent in 
volume to one large nucleus. It seems more 
likely that each of the pair was of normal 
size. Some cells were noted with three and 
four such identical nuclei. The binucleate con¬ 
dition of these epithelial cells prevailed in cul¬ 
tures of all ages and appeared with the onset 
of epithelial proliferation. 

In older cultures, usually of one week or 
more, a different type of binucleation and 
subsequent multinucleation was observed. 
These cells were usually seen farther from the 
explant in the older regions of the epithelial 
sheet. These binucleate cells, probably fore¬ 
runners of multinucleated giant cells, were 
readily distinguishable from the typical binu¬ 
cleate epithelial cell described above. Indi¬ 
vidual cell boundaries were clearly demar¬ 
cated. The nuclei were smaller and more 
basophilic than those of the neighboring 
epithelial cells. The cells shown in figures 2 
and 3 of plate 46 differed from those shown in 
figures 4 to 6 in that the latter contained con¬ 
siderable quantities of phagocytized material. 
It seems likely that the five-nucleated cells 
depicted in figure 3, developed from such a bi¬ 
nucleate cell as seen in figure 2 of the same 
plate, and the multinucleated cells of figures 
5, 6, and 8 probably arose from a cell similar 
to that shown in figure 4. While the following 
description is for the largest and most dia¬ 
grammatic of the multinucleated cells (pi. 46, 
fig. 8), the same general scheme obtained for 
the others as well. As seen in figure 7 of plate 
46, this cell lay at a considerable distance 
from the explant, in the zone of proliferation 
in a 14-day thymus culture. It was extremely 
large, flat, and somewhat rectangular in 
shape. Length and width measurements, 


made through the center of the nuclear ring, 
indicated that the cell was 127 jx long by 94 /x 
wide, and the nuclei occupied an area approxi¬ 
mately 84 /x by 67 /x. A finely granular central 
core was conspicuous, around which all the 
nuclei, with the exception of two, were lo¬ 
cated. The nuclei were vesicular, contained 
one centrally located nucleolus, and in general 
were smaller and more basophilic than those 
of neighboring epithelial cells. They were 
mostly oval, but occasionally a spherical one 
was also seen. It is interesting to note that 
many of the oval nuclei were finely attenu¬ 
ated in the direction of the central core, which 
suggests a recent amitotic division. In this 
cell, 37 nuclei were counted, but other cells 
were seen in which there were fewer nuclei, al¬ 
though the same distribution of cellular com¬ 
ponents existed. Often the nuclei formed only 
a horseshoe rather than a complete ring, and 
in many instances the cells were elongated, as 
seen in plate 46, figure 6. The cytoplasm pe¬ 
ripheral to the ring of nuclei was less dense 
and therefore lighter staining. It contained 
vacuoles (possibly fat globules) and much 
phagocytized material, including nuclei, cyto¬ 
plasmic fragments, and other non-distinguish- 
able debris. Throughout the central core, 
nuclear area, and the zone containing phago¬ 
cytized material, there was a fine scattering of 
pigment granules which probably came from 
disintegration of the melanophores in the skin 
covering the gland during growth in culture. 
Beyond this area, the ectoplasm was again 
finely granular and quite dense. The cell out¬ 
line was irregular and frequently was com¬ 
posed of very short processes by which the cell 
seemed to be attached to the cover slip. This 
type of giant cell is very similar to that de¬ 
scribed by Langhans (1868) as associated 
with tuberculosis and now commonly referred 
to as the “Langhans” giant cell. It is interest¬ 
ing to note that Lewis and Webster (1921) 
reported a typical multinucleated giant cell in 
an eight-day culture of a tuberculous human 
lymph node which is almost identical with 
that described above and shown in plate 46, 
figure 8. 

Fibroblasts : Owing to the inherent nature 
of the thymus to involute with age, cultures 
made of the glands of younger fish were differ¬ 
ent from those of older fish. The most obvious 
difference was the appearance of fibroblasts in 
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cultures of fish four and one-half months or 
older. As part of the involution phenomenon, 
there is an increase in the elements of connec¬ 
tive tissue in both the capsule and the sub- 
capsular portions of the parenchyma as well 
as around the capillaries. Hafter (1952) re¬ 
ported that these changes occur in the thy¬ 
mus of Astyanax at about 26 weeks of age. 
During the early stages of our experiments, 
most of the fish used were between six and 
eight months old. For all subsequent studies, 
however, two-month-old fish were used to 
better advantage. No fibroblasts were seen in 
this latter group. On the whole, only 10 per 
cent of the cultures showed signs of fibroblast 
growth, and at no time could this growth be 
referred to as luxuriant. 

Fibroblasts made their earliest appearance 
in several cultures 48 hours after explanta¬ 
tion, although for the most part, a longer 
time (at least 72 hours) was required (pi. 47, 
figs. 1,2). The first cells to leave the explant 
proliferated in a radial manner, that is, per¬ 
pendicular to the edge of the explant, usually 
penetrating the sheet of epithelium. Such 
proliferation is typical of fibroblastic growth. 
In many cases a tangential type of prolifera¬ 
tion also occurred. Here the fibroblasts were 
seen layered parallel to the edge of the frag¬ 
ment and, in effect, almost 1 'encapsulating’’ 
it. 

The cells may be described as long, fine 
spindles in which the widest diameter of the 
cytoplasmic area rarely exceeded that of the 
nucleus. The cytoplasm was outstretched to 
form very long processes, often forked at the 
distal end. Sometimes rebranching was also 
observed, reminiscent of dendrites. Quite fre¬ 
quently, the processes were so long and fine 
that the ends were not visible. The oval nu¬ 
cleus was long and narrow, usually about five 
times as long as it was wide. In comparison 
with the epithelial nucleus, it was more baso¬ 
philic and contained more chromatin. One to 
three nucleoli were present. Often the nucleo¬ 
lus was elongated to conform to the shape of 
the nucleus. Usually the cells were individu¬ 
ally arranged; however, many regions were 
noted in which the fibroblasts were lined up 
end to end, giving the appearance of a series 
of nuclei without visible cell boundaries. 
Sometimes the cells were side by side, almost 
sheet-like. Mitotic figures were quite fre¬ 


quent. With increased proliferation, the cells 
grew in several directions, sometimes anas¬ 
tomosing with one another to form a mesh. 
Figure 3 of plate 47 shows an intermingling 
of fibroblasts with epithelial cells. 

Histochemical Determinations 

Nucleic Acids: Nucleic-acid determina¬ 
tions on normal thymocytes indicated a very 
heavy accumulation of desoxyribonucleic 
acid (DNA) in the nucleus. The cytoplasm of 
the round thymocytes appeared as a thin ring 
of ribonucleic acid (RNA) immediately 
around the nucleus. In the tailed and ame¬ 
boid forms, RNA was present throughout the 
irregularly shaped cytoplasmic area. No 
nucleoli were observed in these cells. In con¬ 
trast, the thymoblasts showed a greater con¬ 
centration of RNA in the cytoplasm and a less 
dense accumulation of nuclear DNA with a 
central nucleolus. 

Epithelial nuclei were weakly positive for 
DNA. There seemed to be little chromatin 
dispersed throughout the large nucleus. The 
granular cytoplasm, as well as the honogene- 
ous-looking nucleoli, also was weakly positive 
for RNA. 

The cytoplasm of macrophages, at times 
hardly visible on account of phagocytized 
inclusions, frequently showed dense accumu¬ 
lations of DNA which may be attributed to 
the mass of ingested nuclear material. In 
those macrophages containing little or no in- 


TABLE 3 

Nucleic Acid Determinations 


Site of Reaction 

Occurrence of Specific 
Nucleic Acid 

DNA RNA 

Thymocyte nucleus 

+ 

_ 

Thymocyte cytoplasm 

— 

+ 

Thymoblast nucleus 

+ 

_ 

Thymoblast nucleolus 

— 

+ 

Thymoblast cytoplasm 

— 

+ 

Epithelial nucleus 

Weakly + 

_ 

Epithelial nucleolus 

— 

Weakly + 

Epithelial cytoplasm 

— 

Weakly + 

Macrophage nucleus 

+ 

_ 

Macrophage cytoplasm 

— 

+ 
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elusions, the cytoplasm was intensely positive 
for RNA. The nucleus showed a heavy con¬ 
centration of DNA, when not obscured by the 
cytoplasmic inclusions. 

The distinction between the two nucleic 
acids was corroborated with the use of ribo- 
nuclease which digested those substances that 
stained red with pyronin. The methyl green- 
staining DNA was resistant to digestion with 
ribonuclease. Figure 4 of plate 47 shows a 
typical culture stained with methyl green- 
pyronin. When contrasted with figure 5 of 
plate 47, in which the culture had been pre¬ 
treated with ribonuclease, it is apparent that 
the cytoplasm is no longer discernible. Table 
3 summarizes the nucleic acid determinations. 

Glycogen and M ucopolysaccharides : 
Several histochemical tests were applied to 
determine the nature of inclusions sometimes 
seen in epithelial cells. 

Bauer-Feulgen-positive inclusions were 
seen in some epithelial cells (pi. 48, figs. 1,2). 
Predigestion with saliva did not alter the 
stainability of the Bauer-Feulgen-positive 
material, which precludes the possibility of 
the existence of glycogen in the thymus cells 
in vitro , and indicates the presence of another 
carbohydrate-containing substance, possibly 
a mucopolysaccharide. 

The frequency and location of inclusions 
that were Periodic Acid-Schiff (PAS) positive 
approximated quite closely those of Bauer- 
Feulgen-positive material (pi. 48, fig. 3). 
Control cultures, pretreated with saliva, con¬ 
tinued to show the same staining reaction 
with PAS, thereby supplying additional evi¬ 
dence for the absence of glycogen and the 
possible presence of a mucopolysaccharide. 

The reaction to Best’s ammoniacal carmine 
solution was negative, which is another and 
classic indication of the lack of glycogen in 
the cells of the thymus. 

In consideration of the above reactions, the 
presence of a mucin was suggested. Two other 
techniques (Mayer’s mucicarmine and Alcian 
blue) were therefore employed to establish 
more conclusively the presence of mucin in 
these cells. With both techniques for mucin, 
positive reactions were obtained, which were 
similar in nature and distribution to those 
described above for the Bauer-Feulgen and 
PAS techniques. Figures 4 and 5 of plate 48 


show several cells containing inclusions that 
were Alcian blue positive. 

On the basis of the results obtained for the 
various carbohydrate determinations, it 
seems highly probable that some of the epi¬ 
thelial cytoplasmic inclusions are mucopoly¬ 
saccharide in nature, whereas none of the 
inclusions contains glycogen. The fact that 
they were stainable with Alcian blue further 
indicates an acid rather than a neutral muco¬ 
polysaccharide. 

Lipids: A dense accumulation of intensely 
stained black droplets was seen in the cyto¬ 
plasm of the epithelial cells when stained with 
Sudan Black B and counter-stained with 
Mayer’s carmalum (pi. 49, fig. 1). A high con¬ 
centration of lipid material in the epithelial 
cells is indicated by these results. 

The appearance of brick-red rings, arcs, or 
irregularly shaped globules in the cytoplasm 
of the epithelial cells in cultures stained with 
Sudan IV suggests the presence of neutral fats 
(pi. 49, fig. 2). Some of these positively 
stained inclusions were probably located 
around other droplets (perhaps phospho¬ 
lipid). 

Baker’s Acid Hematein technique was em¬ 
ployed to determine whether or not any phos¬ 
pholipids were present in the epithelial cells. 
Granules which stained blue-black were ir¬ 
regularly distributed throughout the cyto¬ 
plasm (pi. 49, fig. 3). These granules were not 
uniform in size and for the most part were 
smaller and fewer in number than the Sudan 
Black positive material. Because they did not 
stain following pyridine extraction, a phos¬ 
pholipid is suggested. Some, but not all, of the 
degenerating thymocyte nuclei which were 
free or had been ingested by macrophages 
gave a positive reaction with the acid hema¬ 
tein technique. Occasionally, one or two small 
positive granules were seen at the periphery 
of a normal thymocyte. Despite prior extrac¬ 
tion with pyridine, some of the degenerating 
thymocytes still were stained with acid hema¬ 
tein. In addition, the nucleoli of the epithelial 
cells, which did not stain with acid hematein 
alone, did stain following pyridine extraction 
(pi. 49, fig. 4). Possibly the degenerating thy¬ 
mocyte nuclei and the epithelial nucleoli con¬ 
tained bound phospholipids which were not 
readily extractable with pyridine, rather than 
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PLATE 39 

1. Photograph of a 14-week old Astyanax mexicanus , showing the thymus in the supe¬ 
rior corner of the branchial cavity. The operculum and lens were removed after fixation. 
Courtesy of E. Hafter. X5. 

2. Thymus culture, one day after explantation, showing persistence of vascularization 
of the original fragment. Living. X100. 

3. Thymus culture one day after explantation, showing halo-like migration of thymo¬ 
cytes. Living. X100. 

4. Thymus culture five hours after explantation, showing delimited thymocyte migra¬ 
tion. Living. X70. 

5. Thymus culture three days after explantation, showing endothelial tube-like tongue 
of thymocytes. Living. X100. 
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PLATE 40 

1. Photomicrograph of normal, healthy, round thymocytes in a two-day thymus cul¬ 
ture. Harris' haematoxylin and eosin. X1250. 

2. Normal, healthy, tailed thymocytes in a one-day culture of thymus. Harris' haema¬ 
toxylin and eosin. X1250. 

3. Thymus culture, two days after explantation, showing thymoblasts. Harris’ haema¬ 
toxylin and eosin. X1250. 

4. Pycnotic thymocytes in a one-day culture of thymus. Harris' haematoxylin and 
eosin. X1250. 

5. Degenerating thymocytes, showing ring forms, lunar forms, and fragmented 
nuclei. Harris' haematoxylin and eosin. X1250. 



PLATE 41 

1. Small, eosinophilic, wandering cell in a 14-day thymus culture. Harris* haema- 
toxylin and eosin. X560. 

2. Thymus culture five days after explantation, showing transforming thymocytes. 
Note typical thymocyte nucleus. Harris* haematoxylin and eosin. X1250. 

3. Clear ameboid wandering cells in a three-day culture of thymus. Living. X560. 

4. Macrophages heavily laden with melanin granules in a three-day thymus culture. 
Note rounded resting form of the cell. Living. X560. 

5. Macrophages with some ingested melanin granules in a five-day thymus culture. 
Note ameboid shape of this partially laden cell. Harris* haematoxylin and eosin. X650. 

6. Two-day thymus culture, showing macrophage containing ingested trypan blue 
(1:100,000). Living. X650. 

7. Melanophores within the explant of a seven-day thymus culture. Harris* haema¬ 
toxylin and eosin. X125. 
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PLATE 42 

1. Two-day thymus culture, showing beginning of epithelial proliferation in the form 
of a continuous sheet. Living. X100. 

2. Thymus culture three days after explantation, showing extensive epithelial sheet. 
Note smooth, continuous, growing edge. Living. X100. 

3. Higher magnification of a typical epithelial sheet in a three-day thymus culture. 
Living. X650. 

4. Three-day thymus culture, showing epithelial sheet proliferation. Some peripheral 
cells (“stragglers”) break away from the sheet and either remain as individuals or an¬ 
astomose with one another. Living. X106. 



PLATE 43 

1. Two-day thymus culture in which the epithelium has proliferated as strands. Living. 

X100. 

2. Higher magnification of the culture shown in 1, to show anastomoses of the indi¬ 
vidual cells or strands. Living. X650. 

3. Same culture as shown in 1 and 2, four days after explantation. Note further pro¬ 
liferation of anastomosing strands of cells rather than a continuous sheet. Living. X100. 

4. Two-day thymus culture, showing epithelial proliferation in the form of a tongue. 
Living. X100. 

5. Same as 4, at higher magnification. Note smooth margin of tongue as well as clus¬ 
tering thymocytes. Living. X650. 



Bulletin Amer. Mus. Nat. Hist. 


Vol. 124 , Plate 43 












PLATE 44 

1. Thymus culture, five days after explantation, showing an epithelial island. Original 
explant is not within field of photograph. Harris* haematoxylin and eosin. X150. 

2. Thymus culture eight days old, showing a sheet of epithelium with two “pearl” 
formations. Harris* haematoxylin and eosin. X125. 

3. Higher magnification of epithelial “pearl,” to show concentric arrangement of the 
cells. Harris* haematoxylin and eosin. X540. 

4. Seven-day thymus culture, showing epithelial sheet with cystic spaces. Harris* 
haematoxylin and eosin. X125. 

5. Higher magnification of cystic spaces. Note flattened nuclei at periphery of cells. 
Harris* haematoxylin and eosin. X540. 



PLATE 45 

1. Epithelial cells in a 14-day thymus culture, showing typically round to oval vesicu¬ 
lar nuclei as well as bizarre-shaped nuclei. Harris , haematoxylin and eosin. X1280. 

2. Epithelial cells in a 14-day thymus culture, showing extreme variation in the size 
and shape of nuclei. Note normal-appearing nucleus in anaphase. Harris* haematoxylin 
and eosin. X1280. 

3. Bizarre epithelial nucleus in a 10-day thymus culture. Note lobulation. Harris* 
haematoxylin and eosin. X1280. 

4. Epithelial nucleus of a 14-day thymus culture undergoing apparent amitosis. Note 
dividing nucleolus. This may be the mechanism whereby the nucleus fragments or be¬ 
comes lobulated. Harris* haematoxylin and eosin. X1280. 
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PLATE 46 

1. Six-day thymus culture, showing common binucleated epithelial cells. Harris* 
haematoxylin and eosin. X540. 

2-6. Fourteen-day thymus culture, showing multinucleation. Harris* haematoxylin 
and eosin. X560. 2. Binucleated giant cell. No phagocytized material. 3. Multinucleate 
cell with five nuclei which seems to have been derived from the type of cell shown in 2. 
4. Binucleated giant cell containing ingested pigment granules. 5. Multinucleated giant 
cell with eight nuclei, containing ingested pigment granules. Nuclei seem to be arranged 
about a central core. 6. Elongated multinucleated giant cell with eight nuclei, arranged 
peripherally. Note ingested pigmented granules. 

7. Lower magnification of the two-week old thymus culture to show the location of a 
multinucleated giant cell containing 37 nuclei, within the area of proliferation. Harris* 
haematoxylin and eosin. X34. 

8. Higher magnification of cell shown in 7. Most of the 37 nuclei are arranged about a 
central core. Note ingested pigment granules as well as other phagocytized material. 
Harris’ haematoxylin and eosin. X560. 



PLATE 47 

1. Three-day thymus culture, showing beginning of fibroblast proliferation at center. 
Living. X100. 

2. Higher magnification of living fibroblasts in a four-day thymus culture. Living. 
X650. 

3. Two-week-old thymus culture, showing a sheet of epithelium supported in part by 
intermingling fibroblasts. Harris’ haematoxylin and eosin. X560. 

4. Three-day thymus culture stained with methyl green-pyronin. The nuclei of the 
normal thymocytes and epithelium stain green, whereas the cytoplasm and epithelial 
nucleoli are stained pink. Degenerating thymocytes which appear dark are stained deep 
purple; some of the ring forms have a light green center. The black intracellular granules 
are pigment. X560. 

5. Three-day thymus culture stained with methyl green-pyronin, after prior digestion 
with ribonuclease. The cytoplasm and nucleoli of the epithelial cells have taken no 
pyronin stain. The culture is predominantly green, with the exception of the light green¬ 
ish purple of some of the degenerating thymocytes. X560. 
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PLATE 48 

1. Epithelial sheet in a 10-day thymus culture, stained by the Bauer-Feulgen tech¬ 
nique. There was no loss of reaction after prior digestion with saliva. Note single positive 
inclusion in the cytoplasm of the cell at upper left. Eccentric position of the nucleus is 
evident. X560. 

2. The same culture as is shown in 1, showing a group of cells in which the entire 
cytoplasmic area contained Bauer-Feulgen positive material. X560. 

3. Epithelial sheet in a four-day thymus culture stained by the Periodic Acid-Schiff 
method. Note PAS-positive material in a cell left of center at the growing edge. There 
was no loss of PAS-positive material after prior digestion with saliva. X560. 

4. Epithelial sheet in a three-day thymus culture, stained with Alcian blue, showing 
a single cell containing Alcian blue-stained inclusion. Note eccentric position of nucleus. 
X560. 

5. The same culture as is shown in 4, showing a group of cells in which the cytoplasm 
contained much Alcian blue-staining material. X560. 



PLATE 49 

1. Epithelial sheet in a two-day thymus culture stained with Sudan Black B. Note 
extranuclear distribution of lipid droplets of various sizes and shapes. X560. 

2. Epithelial sheet in a three-day thymus culture stained for neutral fats with Sudan 
IV. In addition to the droplets of irregular size and shape, note especially Sudan IV- 
positive rings and arcs. X560. 

3. Three-day thymus culture stained for phospholipids with Baker’s Acid Hematein. 
The blue stain is localized in the cytoplasm of the epithelial cells as well as in degenerat¬ 
ing thymocyte nuclei. The epithelial nucleoli are merely of a different density than the 
nuclei, but are not stained by the acid hematein. X560. 

4. Three-day thymus culture stained with Baker’s Acid Hematein after pyridine ex¬ 
traction. Note the lack of stain in the cytoplasm of the epithelial cells but the persistence 
of the stain in the nucleoli and the degenerating thymocytes. X560. 
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PLATE 50 

1. Photograph of the living fish, showing the tumor mass of lymphosarcoma (Tumor 
A) protruding from the branchial cavity. The operculum is vertical to the plane of the 
photograph as a result of an outward and forward deflection by the tumor mass. Cour¬ 
tesy of P. Rasquin and E. Hafter. X4. 

2. Three-day culture of lymphosarcoma (Tumor A), showing extensive proliferation 
of epithelium in the form of a regular-edged sheet. Harris’ haematoxylin and eosin. X43. 

3. Three-day culture of lymphosarcoma (Tumor A), showing predominantly epithelial 
sheet proliferation with a subsequent proliferation of spindle cells. Harris’ haematoxylin 
and eosin. X43. 



PLATE 51 

1. Three-day culture of lymphosarcoma (Tumor B), showing predominantly spindle¬ 
cell proliferation. Harris’ haematoxylin and eosin. X43. 

2. Three-day culture of lymphosarcoma (Tumor B), showing spindle-cell growth (at 
growing edge, lower left) as well as some epithelial sheet proliferation (upper right). 
Harris’ haematoxylin and eosin. X43. 

3. Three-day culture of lymphosarcoma (Tumor B), showing spindle-cell proliferation 
consisting of two types of spindle cells. Harris’ haematoxylin and eosin. X106. 

4. Higher magnification of the culture shown in 3. Focus is on the spindle-like epi¬ 
thelium growing on the cover slip. Harris’ haematoxylin and eosin. X560. 

5. Higher magnification of the culture shown in 3. Focus is on the true spindle cells 
growing deeper in the clot. Harris’ haematoxylin and eosin. X560. 
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TABLE 4 

Histochemical Determinations of 
Epithelial Cytoplasmic Inclusions 


Stain 

Reaction 

Glycogen and mucopolysaccharides 

Bauer-Feulgen 

+ 

Bauer-Feulgen, after pretreatment 
with saliva 

Fast 

Periodic acid-Schiff (PAS) 

+ 

PAS, after pretreatment with saliva 

Fast 

Best’s carmine 

— 

Mayer’s mucicarmine 

+ 

Alcian blue 

+ 

Lipids 

Sudan Black B 

+ 

Sudan IV 

+ 

Baker’s Acid hematein 

+ 

Baker’s Acid hematein, after pyri¬ 
dine extraction 

Labile 


free phospholipids such as were found in the 
epithelial cytoplasmic granules. One of the 
reasons suggested by Cain (1947) that some 
substances do not stain with acid hematein 
but do stain after pyridine extraction lies in 
the difference in fixatives for both techniques. 
The former (acid hematein) involves the use 
of calcium chloride and formaldehyde, a non- 
precipitant type of fixative, while the latter 
(pyridine extraction followed by acid hema¬ 
tein) utilized Bouin’s fluid, a precipitant fixa¬ 
tive, by which the phospholipids were precipi¬ 
tated and thereby concentrated. 

The histochemical reactions are sum¬ 
marized in table 4. 

Effects of Treatment with Adreno¬ 
cortical Steroids 

There was no apparent inhibition of thymo¬ 
cyte migration regardless of the amount of 
adrenal hormone incorporated in the medium. 
The extent of migration appeared rather to 
be dependent on the nature of the fragment 
originally selected. Actively wandering tailed 
and ameboid cells were observed, in addition 
to the more stationary rounded cells. Healthy 
as well as degenerating cells were always 
present, just as they were in untreated normal 
thymus cultures. Mitotic figures, though gen¬ 
erally infrequent, were observed in cultures 


treated with each of the concentrations of 
hormones, but none was seen in the controls. 
On the whole, the condition of the cells ap¬ 
peared to be correlated with the age of the 
culture rather than with the concentration of 
the hormones that were administered. 

In those cultures made from fragments 
which were allowed to soak from one and one- 
half to three hours in the hormone solutions 
prior to being cultured, the condition of the 
thymocytes was also variable. There were 
many apparently normal cells among the 
large number of degenerated cells. In general, 
however, this method of hormone adminis¬ 
tration was too injurious to the tissue, which 
became so fragile that it fell apart on touch, 
and cultures of intact fragments were not 
feasible. 

The measurements made of the diameters 
of thymocyte nuclei in cultures treated with 
cortisone were not statistically different from 
those of normal untreated thymocytes (table 
2 ). 

An objective count of normal and degen¬ 
erating thymocytes in the tissue cultures was 
not possible because of the high percentage 
of degenerating cells always present and the 
irregular nature of the migration. Frequently, 
entire areas of normal healthy cells were seen 
side by side with large clumps of degenerating 
cells. However, cells were counted in a pre¬ 
liminary series of histological sections, made 
from whole thymuses allowed to soak in corti¬ 
sone 24 hours prior to fixation. Table 5 shows 
the total number of cells counted and the per¬ 
centage with pycnotic nuclei from the periph¬ 
eral and more interior areas. The only real 
and conclusive effect observed was that the 
number of degenerating cells was much 
greater in the peripheral region, owing to bet¬ 
ter penetration of the hormone. Also, the 
Holtfreter controls showed the smallest per¬ 
centage of cells with pycnotic nuclei, although 
the difference between these and some of the 
experimentals (especially the thymus sub¬ 
jected to the greatest concentration of corti¬ 
sone, 200 jug./cc.) was frequently slight. On 
the basis of the few thymuses counted, there 
was no direct relationship between the num¬ 
ber of destroyed cells and the concentrations 
of hormones used. Based on the fact that all 
the treated cultures showed a greater number 



86 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


VOL. 124 


TABLE 5 

Percentage of Pycnotic Thymocytes in Thymuses Exposed to Hormone Treatment for 

Approximately Twenty-four Hours 




Peripheral Region 

Central Region 

Thymus No. 

Treatment 

Total No. 

Per Cent 

Total No. 

Per Cent 


of Cells 

Pycnotic 

of Cells 

Pycnotic 

76 

Holtfreter control 

2027 

81 

2119 

21 

82 

0.1 Mg- cortisone 

2139 

91 

2008 

46 

80 

1.0 jug- cortisone 

2015 

88 

2070 

54 

79 

10.0 Mg- cortisone 

2001 

94 

2017 

29 

87 

200.0 Mg- cortisone 

2050 

83 

2005 

29 


of cells with pycnotic nuclei than did the con¬ 
trols, perhaps a slight effect is indicated. In 
order to establish this effect more concretely 
with this method of experimentation, many 
more glands must be used and probably more 
than 2000 cells for each gland must be 
counted. Such an experiment was not at¬ 
tempted, however, in view of the fact that the 
drastic nature of this method of exposure to 
the hormone introduced a second variable. No 
doubt there was an additive effect of the hor¬ 
mones and unfavorable milieu. Furthermore, 
such an approach did not really answer our 
purpose, which was to determine the direct 
effects of the hormones on normal, healthy- 
growing thymocytes in vitro. 

Although in general the cultures were not 
allowed to grow long enough for epithelium or 
fibroblast proliferation prior to treatment 
with the hormones, several cultures occasion¬ 
ally showed such cells. No deleterious effects 
were observed in either the epithelial cells or 
the fibroblasts, and mitotic divisions were not 
interrupted. 

LYMPHOSARCOMA 

The external appearance of the two tumors 
was similar. In both, a grayish white, opaque 
mass protruded from the left gill cavity, push¬ 
ing the operculum out at almost right angles 
to the body of the fish (pi. SO, fig. 1). A thin, 
membranous epithelium containing scattered 
melanophores surrounded the tissue. At the 
time of biopsy, the tumor felt soft but resili¬ 
ent. 

A histological description of one of the tu¬ 
mors, before and after hormone therapy, was 
presented by Rasquin and Hafter (1951). The 
tissue came from the same lymphosarcoma- 


tous fish from which biopsy material was 
taken for our in-vitro studies. The tissue, 
taken at biopsy before treatment, was com¬ 
posed of small, closely packed lymphocytes 
supported by a fine, reticular stroma. The 
second lymphosarcoma presented a similar 
histological picture (Rasquin and Rosen- 
bloom, 1954). 

In-vitro Morphology of Tumor Tissues 

Fragments of the tumors grown in tissue 
culture resembled fragments of normal thy¬ 
mus tissue under the same conditions. Within 
the first 24 hours in vitro , there was a mass mi¬ 
gration of lymphocytes, frequently in a halo¬ 
like formation. The majority of the cells ap¬ 
peared in the rounded state, although tailed 
and ameboid cells were also seen. Measure¬ 
ments of the diameters of the lymphocyte 
nuclei revealed that these cells were larger 
than thymocytes of normal thymus tissue in 
vitro . Table 2 presents some of these measure¬ 
ments and gives the statistical significance of 
the differences. Various stages of mitosis in 
the lymphocytes were observed in 29 per cent 
of the cultures of Tumor B, and in none of the 
cultures of Tumor A. Occasionally amitotic 
divisions were seen in cultures of both tumors 
that resembled the amitosis in normal thymus 
tissue. In addition, all degrees of degeneration 
were observed, ranging from slight pycnosis 
of the nucleus to complete fragmentation of 
the cell. 

Epithelial cells and fibroblasts also made 
their appearances within the first 24 hours of 
in-vitro growth. It is interesting to note that, 
although the outward appearance of both 
tumors was similar, the growth patterns in 
tissue culture, exclusive of the lymphocytes, 
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were markedly different. In Tumor A vast 
sheets of epithelial cells were predominant, 
whereas in Tumor B a radial proliferation of 
fibroblasts was most in evidence. Both epi¬ 
thelial cells and fibroblasts, however, were 
present to some degree in almost all the cul¬ 
tures. 

The epithelial sheets in Tumor A were one 
cell layer to several cell layers thick, with a 
smooth growing edge (pi. 50, fig. 2). Holes in 
the sheet were common. The cells were large, 
flat, and polygonal and usually contained 
many cytoplasmic vacuoles. Eosinophilic in¬ 
clusions, basophilic nuclear fragments, and 
melanin granules were also occasionally 
present in the cytoplasm of these cells, which 
suggests some phagocytic activity. The size 
and shape of the nuclei and nucleoli varied 
considerably, and occasionally binucleated 
and multinucleated cells were seen. Mitotic 
divisions were observed in only one culture. 
In addition to the sheet formation, the epi¬ 
thelial cells sometimes appeared as indi¬ 
viduals, in small groups or as strands. These 
cells were spindle-shaped, and anastomoses 
were frequent. Some growth of fibroblasts oc¬ 
curred in most of these cultures, although not 
extensively (pi. 50, fig. 3). Proliferation was 
generally radial, sometimes tangential, and 
frequently the cells were interspersed 
throughout the epithelial sheet. Mitoses ap¬ 
peared in only 10 per cent of the cultures. 

In contrast, proliferation of fibroblasts in 
Tumor B was extensive, and mitotic figures 
occurred in large numbers in almost every cul¬ 
ture (pi. 51, fig. 1). Some cultures showed 
epithelial sheet growth as well (pi. 51, fig. 
2). There appeared to be two types of fibro¬ 
blasts; the typical spindle cell, with its long, 
oval nucleus surrounded by little cytoplasm, 
and the very long, fine, almost filamentous 
cell with branched processes (pi. 51, figs. 3-5). 
In general, the growth was radial and tan¬ 
gential, with considerable intermeshing of the 
cells. Usually a thin, single-layered sheet of 
epithelium was observed underlying this 
meshwork of fibroblasts. At the growing edge, 
the cells were extremely spindle-like and 
hardly distinguishable from the true fibro¬ 
blast, except for the nucleus which was still 
typically epithelial. Occasionally, these spin- 
dle-like cells were also scattered throughout 
the meshwork of fibroblasts. Mitotic figures 


in the fibroblasts appeared in approximately 
50 per cent of the cultures. 

Macrophages were observed throughout 
the cultures of both tumors and were fre¬ 
quently heavily laden with lymphocytic de¬ 
bris and melanin granules or clumps, presum¬ 
ably from disintegrated melanophores. 

A comparison of the two tumors with nor¬ 
mal thymus tissue in vitro indicated that 
Tumor A resembled normal thymus in its 
growth patterns in vitro more closely than did 
Tumor B. In addition, Tumor B was more 
proliferative, a fact evidenced by extensive 
growth and a high rate of mitosis. The latter 
tumor also contained more fibrous tissue, as 
demonstrated by the extensive fibroblastic 
proliferation. 

Effects of Treatment with Adreno¬ 
cortical Steroids and Adrenotropic 
Hormone 

The extent of migration or proliferation of 
cells subjected to the various treatments 
could not be considered a criterion of effect, 
because all cultures were first allowed to grow 
undisturbed in a routine medium for 48 hours. 
Therefore an effect was sought in the condi¬ 
tion of the individual cells as well as in the 
rate of mitosis for a given cell type. 

There was no consistent pattern among the 
treated or untreated cultures. In most cases, 
presumably normal cells coexisted with de¬ 
generating cells. Occasionally, some of the 
cultures that had received hormone therapy 
presented a far healthier picture than control 
cultures. 

On the whole, Tumor A showed very few 
dividing cells. There were no dividing lym¬ 
phocytes in either experimental or control 
cultures. The only epithelial cells that ex¬ 
hibited occasional mitoses were found in 50 
per cent of the cultures treated with com¬ 
pound A. Some dividing fibroblasts were also 
observed in cultures subjected to compound 
A, as well as in the untreated controls. 

In Tumor B the rate of mitosis was gener¬ 
ally high, especially as regards the fibroblasts. 
Under both sets of experimental conditions, 
in which the hormones were included in the 
wash or directly in the culture medium, all 
the cultures, with the exception of those 
treated with compound E, showed large num¬ 
bers of dividing fibroblasts. No dividing 
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Fig. 1. Percent of cultures showing mitotic divisions in lymphocytes, epithelial cells, 
and fibroblasts in Tumors A and B, under different conditions. Lymphocytes are repre¬ 
sented in the first column by stippling. Epithelial cells are represented by horizontal 
stripes in the second column. Fibroblasts are represented by diagonal stripes in the last 
column. 
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lymphocytes or epithelial cells were present 
in the untreated controls. In addition, there 
were no dividing lymphocytes in any of the 
cultures washed in the various substances, 
but 50 per cent of those cultures subjected to 
an ACTH wash showed mitoses in epithelial 
cells. In cases in which the substances were 
included directly in the medium, the results 
were somewhat different. Some dividing 
lymphocytes were seen in cultures under all 
conditions, with the exception of those 
treated with whole adrenal extract. Almost 


all the cultures showed some divisions in epi¬ 
thelial cells, except for 70 per cent of the cul¬ 
tures subjected to compound E. The percent¬ 
age of cultures showing mitotic figures under 
experimental and control conditions, is pre¬ 
sented graphically in text figure 1. 

A comparison of the measurements of 
lymphocyte nuclear diameters in untreated 
and compound E-treated cultures failed to 
show any statistically significant differences. 
The values for these determinations can be 
found in table 2. 



DISCUSSION 


The histology of the normal thymus of the 
teleost Astyanax mexicanus has been de¬ 
scribed by Hafter (1952) in a study of age in¬ 
volution. In general, those structures ob¬ 
served in histological sections were also ob¬ 
served in tissue culture. However, owing to 
the nature of “unrestricted'* growth in vitro , 
some of the cell types that ordinarily occur in 
small numbers and are quite obscured by the 
dense parenchyma in vivo , are given new im¬ 
petus to migrate and proliferate, which would 
account for the abundance of epithelial re¬ 
ticulum seen in our cultures and not in tissue 
sections. Hafter reported that none of these 
reticular cells is phagocytic. In vitro , however, 
fragmented as well as entire thymocyte nuclei 
were sometimes seen in the cytoplasm of these 
cells, which is in accord with the in-vitro 
studies of Pappenheimer (1913) and Wassen 
(1915) on frog thymus, Murray (1947) on 
rabbit thymus, and Trowell (1949b) on rat 
thymus. All these authors reported the pres- 
sence of thymocytes in epithelial cells. In a 
control experiment, in which chick fibroblasts 
(ordinarily not considered phagocytic) and 
thymus were grown side by side in the same 
culture, Trowell also observed thymocytes in 
the fibroblasts. Perhaps, then, the mechanism 
by which the thymocytes enter the epithelial 
cells is not phagocytosis. Popoff (1927) con¬ 
cluded that these cells were not phagocytic, 
because they did not store lithium carmine. 
Likewise, in our cultures containing trypan 
blue, none of the epithelial reticular cells was 
observed to pick up the dye. The only phago¬ 
cytic cells observed by Hafter in Astyanax 
thymus in vivo were occasional macrophages, 
which were few in number, regardless of the 
age of the animal. In contrast, our in-vitro ex¬ 
periments indicate considerable numbers of 
macrophages, either partially or completely 
laden with ingested material. These cells have 
also been observed in thymuses in vitro of 
other animals by Tschassownikow (1927), 
Popoff (1927), Emmart (1936), and Murray 
(1947). It is highly probable that the macro¬ 
phages did not migrate out as such from the 
original explant, but developed as trans¬ 
formations in vitro , perhaps as Tschassowni¬ 
kow (1927) and Popoff (1927) have shown, 


from the local thymocytes. Bloom (1928) has 
also shown that typical polyblasts or macro¬ 
phages arose by “individual differentiation of 
the explanted thymocytes.” Trowell (1958), 
in a study of cultures of rat lymph nodes, in¬ 
troduced the concept of a lymphocyte^mac- 
rophage cycle. All stages of transition were 
also observed in our cultures, from wandering 
thymocytes to what we have referred to, on 
the basis of activity and stainability, as 
“eosinophilic wandering cells.” Hafter (1952) 
reported similar cells in the thymus in vivo 
which, however, were probably in a different 
stage of development. Because of the many 
transitional stages, these cells have been 
given various terms by different authors, al¬ 
though their descriptions all seem to point to 
the same cell derived from the thymocyte or 
lymphocyte. Catton (1951), in a study of 
blood cell formation in certain teleost fishes, 
referred to them as “coarse granulocytes.” In 
cultures of lymphoid tissues, they have been 
referred to as “eosinophiles” (Emmart, 1936), 
“myelocytes” (Bloom, 1937), and “early 
myelocytes” (Murray, 1947). Bloom defined 
the myelocyte as a cell with a lymphocyte¬ 
like nucleus and eosinophilic granules. Ear¬ 
lier, Jordan and Speidel (1924), reported the 
formation of eosinophiles from lymphocytes, 
with transition stages between the two, in 
teleost spleen. 

It is generally believed that structures that 
can compare with true Hassall’s corpuscles 
are rarely found in the teleost thymus. How¬ 
ever, according to Salkind (1912) the reticu¬ 
lum cells, which have a decreased secretory 
activity, in the thymus of older fish become 
modified either into Hassall’s corpuscles, 
giant cells, cysts, or pseudomyoid cells. In 
Astyanax , Hafter (1952) reported that the 
only structures that were at all similar to 
Hassall's corpuscles were single, hypertro¬ 
phied, reticular cells, or two or more of these 
cells grouped together. In tissue culture, we 
have observed the presence of “pearls” in the 
epithelial reticulum, which were composed of 
concentrically arranged cells, occasionally 
with a central core of debris. Popoff (1927) 
also reported the presence of scattered 
“pearls” in his cultures of rabbit thymus. 
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Tschassownikow (1927) considered that one 
of the ways in which epithelial islands were 
formed in cultures of rabbit thymus was 
through the formation of 4 ‘pearls’’ in the com¬ 
pact epithelial layer. The morphological 
similarity between these structures and Has- 
sall’s corpuscles in higher vertebrates is 
striking. While Tschassownikow felt the 
4 ‘pearls '’ bore some resemblance to early de¬ 
velopmental phases of Hassall’s corpuscles, 
he did not see any real Hassall’s corpuscles in 
his cultures because degeneration set in too 
soon. 

It is interesting to note that the presence of 
epithelial “pearls” is quite diagnostic of some 
epidermoid malignancies, for example, 
squamous cell carcinoma (Allen, 1954). In 
both instances, namely, teleost thymus tissue 
in vitro and the epidermoid carcinoma, the 
common factor is rapidly proliferating epi¬ 
thelium. Perhaps, then, the presence of 
“pearls” in our cultures is to be associated not 
with Hassall’s corpuscles, but rather with the 
rapidly proliferating epithelial tissue as such, 
a possibility that is certainly thought-pro¬ 
voking, when one considers the similarity of 
the situation that exists in tissue cultures and 
malignant growths. In the former the con¬ 
stricting and confining influences of the intact 
organism no longer prevail, while in the ma¬ 
lignancies the normal reins or checks are dis¬ 
turbed and uncontrolled growth results. 

Much attention has been focused on the 
origin, method of formation, and significance 
of giant cells since the classic description by 
Langhans in 1868 of the giant cells in tubercu¬ 
losis. These cells also normally occur in many 
of the lower vertebrates, including fish (Sal- 
kind, 1912; Baitsell, 1924; M. R. Lewis and 
W. H. Lewis, 1926). Giant cells have been ob¬ 
served in a variety of tissues, both normal 
and pathologic, especially those of a lymph¬ 
oid nature. In particular, several investigators 
have reported their presence in the thymus 
gland (Salkind, 1912; Popoff, 1927; Emmart, 
1936). 

There is much confusion in the literature as 
to the precise mode of origin of giant cells, as 
well as the stimulus causing their formation. 
According to Salkind (1912), epithelial cells 
of the thymus have a tendency toward en¬ 
gulf ment and intracellular and extracellular 
digestion. The giant cell is merely one aspect 


of the cell during the digestive process. With 
the tissue-culture technique, direct observa¬ 
tions were made on spontaneously occurring 
as well as experimentally produced giant cells, 
which yielded several theories as to their for¬ 
mation. Among those who claim that a fusion 
of cells is the method of multinucleated giant 
cell formation are Lambert (1912), Maximow 
(1924), Popoff (1927), Pires Soares (1937), 
and Goldstein (1954a, 1954b). A second 
theory, that of formation by repeated nuclear 
divisions without cytoplasmic divisions, has 
also received considerable support by Weil 
(1913), Macklin (1916), Lewis and Webster 
(1921), M. R. Lewis and W. H. Lewis (1925, 
1926), W. H. Lewis and M. R. Lewis (1925), 
and W. H. Lewis (1925-1926; 1926). Several 
investigators, such as Jordan (1925), Barta 
(1926a, 1926b), and Forkner (1930), recog¬ 
nize the existence of both fusion and amitosis 
as methods of giant cell formation. Weiss and 
Fawcett (1953) claim that the majority of 
giant cells seem to be formed by the coales¬ 
cence of individual cells. However, the shape 
of some of the nuclei was also suggestive of 
amitotic division. Another explanation of the 
formation of these cells is that presented by 
Ackerman, Knouff, and Hoster (1952), in a 
study of human lymph nodes in tissue cul¬ 
ture. The authors refer to the foreign body 
giant cell as a phagocytic clasmatocyte which 
has engulfed nuclear fragments as well as 
entire cells such as lymphocytes. 

While we have not followed the formation 
of giant cells in our living cultures, the fixed 
and stained specimens reveal the presence of 
two types of these cells. Only in the Langhans 
type of cell were there any indications as to 
the possible mode of formation of the mul¬ 
tinucleated condition, and here our conclu¬ 
sions agree with those of Lewis and co-work¬ 
ers. Our strongest evidence comes from the 
shape of some of the nuclei. The fact that 
many of the nuclei in the ring are attenuated 
toward the center suggests recent amitotic 
divisions. In some instances, one can almost 
match up the two daughter nuclei diagonally 
across from each other. No evidence of fusion 
has been observed, but it is conceivable that 
such may have been a method of formation of 
some of the giant cells. The unusual regular 
arrangement of the nuclei in the Langhans 
type of cell would then be accounted for by a 
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coalescence of cells, all of one type, about 
some foreign substance. 

Just as there are various opinions among 
investigators as to the mode of formation of 
these cells, the reasons given for their forma¬ 
tion are as varied and as speculative. Many 
workers believe that these cells are foreign- 
body reactions, since they can be produced 
experimentally with various stimuli (Timofe- 
jewsky and Benewolenskaja, 1927; Lambert, 
1912; Weil, 1913; and Goldstein, 1954a). 
Lewis and Webster (1921) attributed the 
formation of giant cells to the excess of waste 
products accumulated in the cell from in¬ 
gested lymphocyte nuclei, which acts as a 
stimulus for amitotic nuclear divisions and 
thereby provides a means of utilization of the 
overabundance of ingested material. Barta 
(1926a) offered deficient oxidation as an ex¬ 
planation. By placing fragments of lymph 
node in different depths of a plasma clot, he 
claimed to have produced multinucleated 
cells in the deeper regions of the clot only, 
where there is the least amount of oxygen. 
Pires Soares (1937) disputed Barta's conclu¬ 
sions when he reported that giant cells also 
occurred at the periphery of the culture me¬ 
dium in which the oxygen supply was very 
good. It is unlikely that the giant cells in our 
cultures are the result of insufficient oxygen, 
as our clots were generally thin and quite uni¬ 
form in depth throughout. In addition, most 
of the giant cells that we observed were in the 
more peripheral region of the zone of prolifer¬ 
ation, where there were fewer cells per area. 
We are therefore more inclined toward the 
suggestion of Rottino and Hollender (1949b), 
who believe that the giant cells arise in re¬ 
sponse to some metabolite originating in the 
tissue when it is grown in vitro. Their conclu¬ 
sions are based on tissue culture studies of 
lymph nodes involved in Hodgkin's disease. 
In-vitro metabolism was emphasized, since 
the multinucleated giant cells were only 
rarely found in tissue sections of surgically re¬ 
moved nodes with Hodgkin's disease. It is in¬ 
teresting to note that only slight mention is 
made of giant cells in those studies of the thy¬ 
mus concerned only with histological sections, 
and in the description of the thymus of 
Astyanax by Hafter (1952) there is no men¬ 
tion of these cells. According to Weiss and 
Fawcett (1953), while the precise environ¬ 
mental conditions that determine the coales¬ 


cence of epithelioid cells to form giant cells are 
obscure, cell crowding and low pH seem to 
favor their development. No determinations 
were made of the pH of our cultures, but mul¬ 
tinucleated cells were observed in highly pro¬ 
liferative cultures in which there probably 
was crowding of the cells. 

From the evidence presented, it seems 
highly probable that more than one type of 
giant cell exists, and that they may be formed 
by one or more methods, as the result of any 
number of stimuli. Obviously many questions 
concerning the giant cell remain to be an¬ 
swered, especially when we consider that 
most of the data presented are based on tissue 
culture studies. The situation in vivo is not 
yet understood. 

In attempting to understand the nature of 
the cytoplasmic inclusions in the teleost thy¬ 
mus epithelium in vitro , we subjected our cul¬ 
tures to a series of histochemical determina¬ 
tions, the results of which indicate that these 
inclusions are not necessarily chemically 
homogeneous. Some cells had one or more 
granules that were Bauer-Feulgen positive as 
well as PAS positive, even after pretreatment 
with saliva, which suggests the presence of 
some polysaccharide other than glycogen. 
This was confirmed by a lack of stainability 
with Best's carmine. The fact that these in¬ 
clusions stained with Mayer's mucicarmine 
and Alcian blue denotes the presence of an 
acid mucopolysaccharide, probably mucus. 
Hafter (1952) also observed the presence of 
mucus in some cells of the thymic reticulum 
in Astyanax and reported that similar cells 
have been described for other fishes. Smith 
and Thomas (1950) found glycogen in about 
40 per cent of the small cortical lymphocytes 
of thymuses of young mice and kittens shortly 
after birth. Between 14 and 18 days, there 
was an abrupt drop which the authors ex¬ 
plained as perhaps correlated with a marked 
change in food habits and growth at about 
that time. None of our cultures showed the 
presence of glycogen, which may be accoun¬ 
ted for by the age of the fish which were ap¬ 
proximately two months old. Such an age is 
considerably beyond the equivalent four¬ 
teenth day of development discussed by 
Smith and Thomas. 

The majority of the epithelial cells pos¬ 
sessed a preponderance of lipid inclusions 
which gave a heavy positive reaction with 
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Sudan Black B. That many of these fat drop¬ 
lets were phospholipid in nature was substan¬ 
tiated by a failure to stain with Baker’s Acid 
Hematein after extraction with pyridine. 
Some of these droplets were either partially or 
completely surrounded by a neutral fat, as in¬ 
dicated by the presence of Sudan IV-staining 
rings or arcs. It is highly probable, therefore, 
that the majority of these cytoplasmic inclu¬ 
sions are of a complex chemical nature rather 
than simple chemical entities. The lipid-laden 
cells described by Loewenthal and Smith 
(1952) in the involuting mouse thymus are 
not comparable to the epithelial reticulum of 
our cultures. Such foamy cells as described by 
these authors were not observed in the fish 
thymus in vitro , which was not surprising, as 
we were not dealing with an involuting gland. 
In a study of the cytochemistry and morphol¬ 
ogy of human lymph node cells grown in 
vitro , Ackerman, Knouff, and Hoster (1952) 
reported a difference in the reactions in vitro 
from those in tissue sections. For example, the 
reticular clasmatocytes show more neutral fat 
and sudanophilic droplets in vitro than in tis¬ 
sue sections, which suggests that there may 
be an impaired fat metabolism in vitro. The 
authors also believed that certain cytochemi- 
cal modifications take place with degenera¬ 
tion, one of the most obvious being an accum¬ 
ulation of lipid droplets. Weiss and Fawcett 
(1953) demonstrated the lack of stainable 
lipid in chicken monocytes. However, as they 
became transformed into macrophages in tis¬ 
sue cultures, fat droplets rapidly appeared. 
Again, an increase in fat droplets was ob¬ 
served in cultures when the cells were in poor 
condition. The large quantity of lipid material 
in our cultures was not the result of degenera¬ 
tion, as some of the determinations were per¬ 
formed on healthy, active, 48-hour cultures. 
Weiss and Fawcett also demonstrated the 
presence of phospholipids in some of the 
epithelioid cells. The variation in staining 
from cell to cell, they stated, could not be 
correlated with degeneration. It may reflect a 
real difference in the intracellular distribution 
of phospholipid, or it may merely represent 
one of the vagaries of this staining method. 

Before any conclusions can be drawn as to 
the possible significance of the various histo- 
chemical reactions of the fish thymus cells in 
tissue culture, it is necessary to determine 
these reactions on tissue sections of the gland. 


The well-known influence of the adrenocor¬ 
tical hormones on mammalian lymphoid tis¬ 
sue (Dougherty and White, 1945; Selye, 1946) 
was experimentally demonstrated in the 
lymphoid system of fishes, on Astyanax , by 
Rasquin (1951), Rasquin and Atz (1952), and 
Rasquin and Rosenbloom (1954). 

Considerable effort has been made in an at¬ 
tempt to understand the mechanism by which 
the various hormones act on lymphoid tissue. 
In order to determine whether these effects 
are direct, acting on the lymphocyte itself as 
the immediate target, or indirect, reaching 
the lymphoid elements via the interrelation¬ 
ships of the intact organism, many investiga¬ 
tors turned to the tissue culture technique 
(Heilman, 1945; Schrek, 1949; Krippaehne 
and Osgood, 1955; Vernon, 1958). The results 
are quite contradictory. 

The fact that there is so much discrepancy 
among the reports of lymphocytes in vitro led 
Trowell (1953) to suggest that certain techni¬ 
cal difficulties are inherently involved. With 
the methods employed, it has been virtually 
impossible to maintain a population in vitro of 
all living healthy lymphocytes for even a few 
hours. From the very start one always finds 
some dead cells, the number of which steadily 
increases during the culture period. This con¬ 
dition has also been noted in our cultures of 
fish tissue. At no time were the cultures de¬ 
void of degenerating forms. Frequently, 
groups of seemingly healthy cells were ob¬ 
served immediately adjacent to, or inter¬ 
mingled with, dead or dying cells. For this 
reason we reported that a count of normal 
versus degenerate cells was inaccurate as a 
valid criterion for determining the effects of 
various hormones on the thymocytes in vitro . 

In a comparative study of cultures of frag¬ 
ments, cell suspensions, and whole glands, 
Trowell (1949a) found that the number of 
dead or degenerating cells was considerably 
lessened when whole lymph glands were cul¬ 
tured. Notably different in the methods of 
culture is the fact that the tissue used for 
fragments or cell suspensions must obviously 
undergo considerable trauma when being cut 
into many small pieces. Probably such dam¬ 
age to the cells is responsible in part for their 
early death. 

In the present experiments, when intact 
thymuses were used, differences such as those 
reported by Trowell were not observed. 
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Under these circumstances, we found very 
poor growth or migration from the fragment 
unless the capsule had been cut. 

Another explanation offered by Trowell 
(1952), and one that seems very probable, 
concerns the cytology of the lymphocyte it¬ 
self, a cell with relatively much less cytoplasm 
than any other somatic cell. This paucity of 
cytoplasm is especially evident in histo- 
chemical demonstrations of nucleic acids in 
our cultures. The cells, for the most part, are 
composed of desoxyribonucleic acid in the 
nucleus, surrounded by a very thin ring of 
ribonucleic acid in the cytoplasm. It has been 
known that lymphocytes in vivo have a high 
rate of turnover of both proteins and nucleic 
acids, requiring therefore a continual synthe¬ 
sis of protein and nucleic acids for their main¬ 
tenance (Andreason and Ottesen, 1945). 
When the ratio of nucleoplasm to cytoplasm is 
considered, it is extremely plausible that these 
cells do not possess the proper enzymic com¬ 
ponents for independent existence and must 
rely in part on other cells. It is highly prob¬ 
able that this condition was a significant con¬ 
tributor to the early death in vitro of single 
thymocytes in our cultures. In the intact 
gland, of course, the thymocytes maintain a 
close anatomical relationship with the reticu¬ 
lar cells, which may explain the results of Em- 
mart (1936) who states, “Thymocytes never 
disappear entirely as long as any epithelioid 
tissue remains visible in the cultures.' 7 Per¬ 
haps this can account for the persistence of 
the several healthy thymocytes in and about 
the sheet of epithelium in some of our older 
cultures. 

Taking all these facts into consideration, 
Trowell (1952) devised a method of short¬ 
term cultivation for intact lymph nodes, us¬ 
ing organ culture as contrasted to tissue cul¬ 
ture. 

Having established a method of maintain¬ 
ing lymphocytes in vitro in a consistently 
normal healthy condition for several days, 
Trowell had a reasonable background in 
which to look for cytotoxic effects. In a sub¬ 
sequent paper, Trowell (1953) showed that 
cortisone has a lethal action on rat lympho¬ 
cytes in cultured lymph nodes. No specific 
cytological changes were found; the cells 
merely underwent a process of pycnotic de¬ 
generation, which the author regarded as the 


“non-specific autolysis of an already dead 
cell." 

It would be of great interest to attempt 
organ cultures of the fish thymus, using the 
method of Trowell (1952). Perhaps in this 
manner a population of normal healthy thy¬ 
mocytes could be maintained in vitro long 
enough for the direct effects of the adrenal 
hormones to be determined. The many dis¬ 
crepancies in the literature may also be at¬ 
tributed to the fact that many different 
methods of approach have been used. Accord¬ 
ing to Schrek (1949), the toxic action of 
adrenocortical steroids on lymphocytes is 
relatively mild, and, unless the method of 
testing is quite sensitive, the effect may be 
lost. 

The various theories offered above, to ex¬ 
plain the diverse views on the effects of 
adrenocortical hormones on lymphocytes in 
vitro , no doubt apply as well to our results. In 
addition, however, we must consider the pos¬ 
sibility of hormone specificity. The teleost 
thymus under these circumstances may be re¬ 
fractory to mammalian hormones. Rasquin 
(1951) has shown that the thymus of Astya - 
nax is not readily involuted by mammalian 
ACTH, although it is very responsive to im¬ 
planted whole teleost pituitary. Injections of 
mammalian cortisone also failed to elicit any 
changes in the thymus of this teleost (Ras¬ 
quin and Atz, 1952). A temperature factor 
may be one of the reasons for a lack of effect 
of mammalian adrenocortical hormones on 
teleost lymphoid tissue. Schrek (1949) re¬ 
ported that the adrenocortical hormones were 
effective only when the cells were incubated 
within a narrow temperature range. Since our 
cultures were of cold-blooded tissue, incuba¬ 
tion was at room temperature, which may be 
below the effective range for these specific 
mammalian hormones. 

It would certainly be of extreme interest to 
subject our thymus cultures to fish hormone 
preparations. Owing to the nature of the tele¬ 
ost anterior interrenal tissue, however, which 
is homologous with the mammalian adrenal 
cortex (Rasquin, 1951), extraction of the hor¬ 
mones is not feasible with existing methods. 

There also appears to be little accord in the 
literature concerning the effects of the adrenal 
hormones on either epithelial or fibroblastic 
tissue in vitro . Our results on fibroblasts and 
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epithelial cells of the teleost thymus tissue 
are in agreement with those of Baldridge, 
Kligman, Lipnik, and Pillsbury (1951), who 
showed that proliferation of chick-embryo 
fibroblasts is not inhibited in tissue cultures 
containing cortisone. Steen (1951) also found 
that cortisone had no inhibitory effect on cul¬ 
tures of epithelial or fibroblastic tissue of 
chick embryos, in concentrations comparable 
to and even 25 times greater than usual thera¬ 
peutic levels. 

In reviewing the occurrence of spontaneous 
tumors in cold-blooded vertebrates, Schlum- 
berger and Lucke (1948) and Lucke and 
Schlumberger (1949) showed that tumors of 
mesenchymal tissue are the most prevalent 
type in fishes. The lymphosarcoma has been 
reported in several species of fish. An isolated 
case of a spontaneous lymphosarcoma in 
Astyanax mexicanus was described by Nigrelli 
(1947) as probably having its origin in the 
thymus-like lymphoid gland. Four similar 
tumors have since appeared spontaneously in 
this same species in our laboratory. The de¬ 
scription of the gross microscopic anatomy of 
the tumor (Rasquin and Hafter, 1951) cor¬ 
responds to descriptions of lymphosarcoma 
in other fish, as well as for mammals as de¬ 
scribed by Boyd (1939) and Willis (1950; 
1953). The tumor in Astyanax was not trans¬ 
plantable since subcutaneous, intramuscular, 
and intraperitoneal transplants (Rasquin and 
Rosenbloom, 1954) showed no signs of tumor 
development even after one year. Our ma¬ 
terial therefore was considerably limited. 

Fixed and stained histological preparations 
of biopsy material from the two tumorous ani¬ 
mals appeared similar, but in tissue culture 
the patterns of growth were quite different, 
with the exception of an initial migration of 
lymphocytes. In one, there was a proliferation 
predominantly of epithelial sheets, whereas 
in the other, fibroblasts predominated. It is 
conceivable that we are concerned with two 
different developmental stages of the same 
tumor, the latter showing a more advanced 


pathology. Grand (1949), in a study of lymph 
nodes with Hodgkin’s disease in tissue cul¬ 
ture, also observed a preponderance of differ¬ 
ent cell types, depending upon the degree of 
involvement of the nodes. Cultures of the 
more advanced tumors showed mostly fibro¬ 
blasts. 

The close functional relationship that 
exists between the pituitary, adrenal cortex, 
and normal lymphoid tissue in mammals and 
in Astyanax is known. Considerable attention 
has been given to the role of the adrenocorti¬ 
cal hormones in either preventing or alleviat¬ 
ing lymphoid tumors both experimentally and 
clinically (Heilman and Kendall, 1944; Soffer, 
Gabrilove, Laqueur, Volterra, Jacobs, and 
Sussman, 1948; Pearson, Eliel, Rawson, 
Dobriner, and Rhoads, 1949; Spies, Stone, 
Lopez, Milanes, Toca, and Roboredo, 1950; 
Wooley, 1950; Sugiura, Stock, and Rhoads, 
1950; and Emerson, Wurtz, and Zanetti, 
1950). 

In teleosts, the same interrelationship ex¬ 
ists between lymphoid disfunction and the 
pituitary and adrenal glands. A discussion of 
the significance of hormonal imbalance in re¬ 
lation to the development of hyperplasias as 
well as neoplasias (including lymphosarcoma) 
in teleosts is presented by Rasquin and Ro¬ 
senbloom (1954). Rasquin and Hafter (1951) 
showed that the injections of ACTH into one 
of the lymphosarcomatous fish from which 
biopsy material was cultured for this report 
resulted in a marked dissolution of tumor ele¬ 
ments. It is not surprising that the ACTH 
was without effect in tissue culture, since it is 
a trophic hormone. As concerns treatment 
with the various mammalian adrenal hor¬ 
mones, the reasoning applied to the lack of 
effect on the normal thymus tissue obtains as 
well. Possibly, if homologous hormones were 
used and a valid criterion for determining the 
results was established, more striking effects 
of adrenal hormones on malignant teleost 
lymphoid tissue in vitro could be observed. 



SUMMARY 


1. Normal and malignant thymus tissues 
of the adult teleost Astyanax mexicanus were 
successfully grown in tissue culture for the 
first time, with the use of the double cover- 
slip technique of Maximow. 

2. Migration of thymocytes and thymo- 
blasts was observed within the first few hours 
of in-vitro growth in the normal thymus. 
Other free cells that also made an early ap¬ 
pearance included erythrocytes, small eosino¬ 
philic wandering cells, macrophages, and me- 
lanophores. Proliferation of epithelial reticu¬ 
lar cells was usually observed between 36 and 
48 hours after explantation, although occa¬ 
sionally some cells were seen as early as 24 
hours. Multinucleation in the epithelial cells 
is described and discussed. Fibroblasts, pres¬ 
ent only in cultures of older fish, were the last 
cells to proliferate, usually after 48 hours. A 
description of these various cell types and 
their modes of migration or proliferation is 
presented. Comparisons are made between 
the normal thymus in vivo (through histo¬ 
logical studies) and the thymus in vitro . 

3. Histochemical determinations revealed 
that the epithelial cytoplasmic inclusions were 


predominantly lipid in nature (neutral fats 
and phospholipids). Some of the inclusions 
contained acid mucopolysaccharides. The 
possible significance of these results is dis¬ 
cussed. 

4. There were no clear-cut determinable 
effects of either mammalian cortisone or 
whole adrenal extract, in the dosages used, on 
the normal thymus in vitro . The lack of a 
valid criterion for such determinations in tis¬ 
sue cultures of thymocytes is discussed. 

5. A description is given of the morphology 
in tissue culture of two spontaneous lympho¬ 
sarcomas (reputedly of thymic origin), which 
occurred in our laboratory, in Astyanax. Com¬ 
parison is made with normal thymus tissue. 
In general, the rate and extent of prolifera¬ 
tion of cells in the tumor cultures far ex¬ 
ceeded those in normal thymus cultures. 
With the limited data available, no valid con¬ 
clusions can be drawn concerning the effects 
of various mammalian compounds (com¬ 
pound E, compound A, whole adrenal ex¬ 
tract, and ACTH), on the lymphosarcoma in 
vitro . 
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